Abstract. SUMER -Solar Ultraviolet Measurements of Emitted Radiation -onboard of SOHO -Solar and Heliospheric Observatory -obtained its first spectrum on January 25, 1996 near the north polar limb. The range from 660Å to 1175Å which has never before been observed with such a good spectral resolution contains a wealth of spectroscopic details. Identification of about 400 lines in this spectral range is given. We list the wavelengths of identified transitions and provide their absolute peak intensities. General spectral features of the most abundant elements H, He, C, N, O, Ne, Mg, Si, S, Ar, and Fe are described. In this spectral range many density-and temperature-sensitive line pairs are found. It is shown in examples how they can be used as diagnostic tools.
Introduction
The first spectrum of the Sun with SUMER was obtained near the north polar limb on January 25, 1996 between 10 : 52−12 : 08 UT. Sections of the northern polar coronal hole and the limb were covered as well as the lower corona on the off-limb section of the slit. We present here the analysis of a portion of this spectrum ranging from its lower limit around 660Å to the C III multiplet around 1175Å in first order. Second order lines are superimposed on this spectrum. The upper limit of the list of identified lines was chosen as many detailed spectral studies above this value have already been performed using Skylab and HRTS data Send offprint requests to: W. Curdt (Curdt@linmpi.mpg.de) Table 1 and Fig. 4 are also available in digital form at the CDS via anonymous ftp to cdsarc.u-strasbg. fr (130.79.128.5) or via http://cdsweb.u-strasbg.fr/Abstract.html (Brekke et al. 1991; Sandlin et al. 1986; Cohen et al. 1978) and thus the need to study the SUMER data was not so urgent for longer wavelengths. Many other spectra from different regions of the Sun have been obtained since the first light spectrum, but are not subject of this communication.
The high temperature solar atmosphere is the only astrophysical plasma source that can be studied with high spatial resolution. Much of our understanding of stellar atmospheres is based on the understanding of plasma processes that occur in the upper solar atmosphere. Although some of the plasma processes can be studied by highresolution images of the solar atmosphere much of our knowledge on temperatures, densities, emission measures, mass motions and elemental abundances comes from highresolution spectral observations in the range from the far ultraviolet (VUV) to X-ray wavelengths (2000 − 1.7Å), a range that is not accessible by groundbased observations. During the past 40 years much progress has been made in solar high resolution spectroscopy from space (see Feldman et al. 1988) . During the 1960's, a group in Culham launched several rocket-borne high-resolution spectrometers to record the solar spectrum which also included wavelengths short of 1175Å. This spectral range was also covered by the Skylab ATM experiment with modest spectral resolution (1 − 3Å). Line lists and identifications containing some of the most prominent lines in this region were published (Burton & Ridgeley 1970; Vernazza & Reeves 1978; Noyes et al. 1985) .
The very high normal-incidence reflectivity of aluminum-coated optics at wavelengths longer than 1175Å made it possible to construct multi-element instruments which combine high spectral and spatial resolution resulting in detailed observations of the solar spectrum in this wavelength range. Utilizing these observations a number of line lists were compiled of which the most comprehensive are the lists by Sandlin et al. (1986) and Cohen et al. (1978) . The wavelength region between 660 and 1175Å remained poorly observed. One of the instruments on Skylab was a high-resolution normal-incidence spectrometer (S082 B) constructed by the Naval Research Laboratory (Bartoe et al. 1977) . Although the optics of the S082 B instrument were Al + MgF 2 coated, a few very long observations of bright solar features resulted in useful spectra at wavelengths as short as 970Å. A line list compiled from these observations was published by Feldman & Doschek (1991) .
Instrument and data acquisition
This section describes the data acquisition and instrumental details which are relevant for the interpretation of the data. A more detailed instrument description is given by Wilhelm et al. (1995) and first inflight performance characteristics are given by Wilhelm et al. (1997a) and Lemaire et al. (1997) . SUMER is a stigmatic normalincidence spectrograph operating in the range from 400 to 1610Å with mirrors made out of SiC and three normalincidence reflexions. The steep fall-off of the reflectivity below 500Å determines the lower wavelength limit. Only few lines short of 500Å have been identified so far.
The off-axis parabola telescope mirror has a focal length of 1302.77 mm. It can be moved in two dimensions around the focal point to allow pointing of the instrument in the range of ±32 arcmin. This allows us to take disk and off-limb spectra in the lower corona.
Four spectrometer slits with angular dimensions of 4 × 300, 1 × 300, 1 × 120, and 0.3 × 120 arcsec 2 are available. The slit assembly allows us to move a selected slit into the telescope focus and to refocus its position if required. With the slit the photon input for the detector can be adjusted according to the selected spectral band and to the solar feature observed. The measurements in this communication were performed with the 0.3 × 120-arcsec slit, and the widths of the spectral lines thus are not affected by the slit width.
Two diffraction orders can be observed by SUMER; first order lines and second order lines appear superimposed in the SUMER spectrum. The dispersion of the spectrometer varies slightly with wavelengths from 45 mÅ/pixel (first order) and 22.5 mÅ/pixel (second order) at 800Å to 41.8 mÅ/pixel and 20.9 mÅ/pixel at 1600Å.
The instrument is equipped with two photon-counting detectors (A and B) operating in Cross Delay Line technique (XDL) -for details see Siegmund et al. (1994) . Only one detector can be operated at a time. Each detector has 1024 spectral pixels and 360 spatial pixels. The pixel size of approximately 26.5 µm × 26.5 µm is defined by the analogue electronics. The central area of the detector is coated with KBr while both sides are bare microchannel plate (cf., Fig. 1 The KBr coating increases the detective quantum efficiency (DQE) up to a factor of > 10 in the range from 900Å to 1500Å. Observation of lines in both sections of the photocathode helps to detect second order lines, since they appear in similar intensity on both parts of the photocathode. This effect is demonstrated in Fig. 2 .
Only a few second order lines have been identified in the spectral range below 590Å where the instrument sensitivity is very low, whilst corresponding first order lines fall into the efficiency maximum. He I at 584Å is the most The spectra presented in this communication were taken with detector B. The spectral ranges of both detectors are different; the B detector range reaches from 330 to 750Å in second order and 660 to 1500Å in first order. The range from 660 to 750Å is covered twice. From the line ratio of the O III line at 703.85Å in both orders a grating efficiency ratio between first and second order of 1.0 was obtained.
During the laboratory calibration (Hollandt et al. 1996 ) the SUMER instrument with both detectors was radiometrically calibrated against a secondary standard light source. In-flight calibration measurements with detector A indicate that this calibration is still valid within ±15% (1 σ) (Wilhelm et al. 1997b) . The detector B efficiency curve has not yet been validated under operational conditions. We have no indications for differences in the performance of detector B and applied the laboratory efficiency curve for this analysis. Below 769Å this curve had to be extrapolated, and progressively increasing uncertainties have to be assumed.
Both detectors show non-uniformity effects typical for MCP intensifiers. These effects stem from the MCP structure, the inhomogeneity of the HV electric field, and individual pixel errors. These effects, which are very worrisome for imaging purposes can be compensated to a large extent by a flat field correction; SUMER regularly generates a flat-field matrix which can be applied either on board, or on the ground. The dark signal of the detectors is extremely low and for disk observations scattered light is irrelevant. Thus, it is inferred that continuum contributions of the spectra have a solar origin.
Bright spectral lines, if placed onto the KBr part of the photocathode lead to a local gain depression even if the narrow slit is used. As a result the DQE of the detector can decrease locally and peak intensities might be attenuated in a non-linear fashion (Wilhelm et al. 1997a ). This effect starts at 10 cts/pixel/s and deteriorates progressively. No corrections have been performed for local gain depression effects, although the intense lines of C III (977Å), H I Lyβ (1025Å), O VI (1032Å), O VI (1036Å) are affected to some extent.
For the spectrum, taken on January 25, 1996, the instrument was pointing towards the solar limb at the North pole of the Sun (cf., Fig. 3 ). With the given slit of 0.3×120 arcsec only a window of 1024 by 120 pixels is read out by the detector. At that time, the slit image was not yet adjusted with respect to the read-out window, leaving ∼ 30 pixels unexposed. The remaining 90 pixels cover approximately 60 arcsec of the northern coronal hole portion of the solar disk and about 30 arcsec beyond the photospheric limb. A set of 41 spectral sections, each offset by 17.4Å and with a 40Å gap around H I Ly α (introduced for safety reasons in this first spectrum) was exposed during this observation with increasing wavelength. The exposure time for individual spectra was 100 s. For this communication 29 exposures have been analysed. In total, 51 minutes elapsed between the first spectrum, taken around 680Å, and the last spectrum considered here. The individual spectra have been corrected for minor telemetry errors.
The line list
As described in Sect. 2, each of the individual spectra consists of a two dimensional array of 120 × 1024 pixels. For line identification purposes, we have collapsed the two dimensional image array into a vector of intensity versus wavelength. Due to the stigmatic properties of SUMER, there is a one to one correspondence between the brightness along a spectral line image and the image of the solar atmosphere in the particular wavelength. Thus, the sections of the spectral line emitted from the chromospheric network boundaries are much brighter than those emitted from cell interiors. The position of the limb was determined from the continuum intensity fall-off. We have integrated over 60 pixels just inside the limb. For these pixels the line-of-sight is almost tangential to the solar surface and the effect of limb-brightening is seen in many hot spectral lines. Figure 4 is a display of the averaged composite spectrum presented in this paper. The count rates of this average spectrum have been radiometrically calibrated and are given as absolute intensities in column one of Table 1 . These peak intensities are meant as a first assessment of absolute line strengths. Absolute line intensities -sorted by solar features and with blends separated -are deferred to a later communication.
We have found that the dispersion of pixels 100 − 800 of detector B is linear to better than 0.02Å. Figure 5 displays the dispersion of the spectrometer on detector B for three different wavelength positions. Notice that the uncertainties in determining the wavelengths are generally 0.02Å or better. SUMER wavelength measurements were determined as follows: The positions of the centroids of all spectral features in the 100 − 800 pixel range were measured visually. Using several of the well-established wavelengths as standards we have calculated the wavelengths of all the lines in the image using a first order polynomial fit programme. The reference lines (preferably cold chromospheric lines) for the wavelength calibration are marked by an asterisk in Table 1 . A comparison between measured and known wavelengths suggests that, on the average, the wavelengths for unblended lines were determined to about 0.02Å. Column two of Table 1 lists the wavelengths available in the literature and column three lists the measured wavelengths. The vast majority of the laboratory wavelengths for column two, and identifications listed in column four and five are from Kelly (1987) . Wavelengths of unidentified lines measured on the SUMER plots are also included in the table.
Comments on some of the lines in the list
The first light spectrum -recorded with the high spectral resolution and the excellent dynamic range available to SUMER -reveals many spectral details and accommodates many more spectral lines than given in any earlier line list. Although some of the lines suggested earlier could not be identified. This near-limb disk spectrum of the quiet Sun in the 660 − 1175Å spectral range is dominated by lines emitted from temperatures typical of the chromosphere and the transition region. Only the most intense coronal lines are visible in a quiet Sun spectrum (Wilhelm et al. 1997a ), which are offset by only 0.18Å. On the limb, lines are indeed wider and as a result, two lines that are separated from each other by less than 0.3Å appear as a blend. In places where blends are expected we have provided the wavelengths and the transitions of some of the most prominent lines expected in the blend. Below we give an account of some interesting line systems presented in the list.
Hydrogen
The hydrogen Lyman series lines are very prominent in the spectral range covered by SUMER. The transition of the highest member of the series that can be distinguished in the spectrum used for this identification is 1s−18p. The higher members of the Lyman series are blended with the hydrogen free bound continuum. Line shapes of most, if not all, the hydrogen lines are dominated primarily by opacity effects and to a lesser degree by the Doppler nonthermal mass motions. In spectra obtained from regions where opacity effects are reduced several additional members of the Lyman series can be distinguished, (Wilhelm et al. 1997a ).
Helium
The 584.33Å 1s 2 1 S 0 −1s2p 1 P 1 line in second order is the only He I line visible in this quiet Sun spectrum. He II multiplets of the type 2k−nk (Balmer series) where n > 4, are present in the observed range. Individual lines within each multiplet are not resolved in the SUMER spectrum. The He II multiplets arising from transitions with even "n" quantum numbers have wavelengths that are about 0.4Å shorter than hydrogen Lyman series lines. Therefore, because of the very large widths of the hydrogen lines in this limb spectrum, the He II transitions are visible but blended with the blue wings of the hydrogen lines. The He II Balmer lines belonging to transitions having odd upper quantum members (i.e., n = 5, 7 and 9) are well observed in our spectrum.
The excitation energy of the He II Balmer lines is ≈ 50 eV while their formation temperature, assuming collisional excitation, is only equivalent to about 10 eV. As a result, the Boltzmann factors that determine the rate of collisional excitation processes in these lines are very temperature sensitive. He II line intensities when compared to the intensities of other lines emitted by plasmas with similar temperatures, are good indicators for the excitation processes taking place in the quiet Sun atmosphere (Feldman 1995) .
Carbon
The series limit of the C I 2s 2 2p 2 3 P−2s 2 2pnk is at 1101Å. Therefore, wavelengths slightly longer than the series limit are abundant with lines belonging to high members of the CI Rydberg series. The line list contains many C I lines belonging to transitions between the 2s 2 2pnd upper configurations (where n = 6, 7, ... 13) and the ground term 2s 2 2p 2 3 P. The 2s 2 2p 2 3 P − 2s2p 3 3 S multiplet of C I at 945Å is also present in this limb spectrum.
The ground term of C II is 2s 2 2p 2 P and the first excited configuration 2s2p 2 include, in order of increasing energies, the 4 P, 2 D, 2 S, and 2 P terms. The lowest 4 P term can be regarded as metastable in electron density conditions typical to quiet Sun plasmas. Transitions between the excited doublets and the ground term appear in the SUMER spectrum. The lowest energy transitions are near 1330Å and the two higher energy transitions are near 1037 and 904Å. The three sets of C II transitions are among the brightest emitted by the chromosphere. Three lines belonging to transitions between the 2p 3 4 S and the metastable 2s2p 2 4 P term that appear near 1010Å are also intense. Several more C II lines belonging to transitions between the ground term and doublet terms from highly excited configurations are present in the wavelength range. Intensity ratios between lines belonging to quartet and doublet systems can provide information regarding the temperature properties of the chromosphere plasmas.
The 977Å C III 2s 2 1 S 0 − 2s2p 1 P 1 transition is extremely bright in the quiet Sun spectrum. It is the strongest line emitted in the wavelength range discussed in this paper.
Nitrogen
The N I transitions between ground configuration levels (2s 2 2p 3 ) and levels from the excited configurations fall in the 950 − 1150Å wavelength range. There are no N I lines resulting from transitions between excited configurations visible in this limb spectrum used to create the line list. The situation with N II is similar to the situation in N I. Some of the strongest transitions between the ground configuration 2s 2 2p 2 and the excited configuration are present in this spectrum. The N II transitions appear near 671, 746, 915, and 1085Å. There are no N II transitions arising from levels between excited configurations among the lines observed in the quiet Sun spectrum.
Resonance lines between the ground and excited configuration and lines between the first and second excited configurations in N III are observed near 690, 772, 980 and 990Å while the N IV transitions appear near 765, 923, and 955Å. Intensity ratios between the two types of lines are temperature sensitive. Intensity ratios among some of the lines near 923 arising from transitions between the first and second excited configurations are also sensitive to electron density conditions present in the quiet Sun.
Oxygen A well known resonance exists between the 1s − 3p transition in H I (1026Å) and the 2s 2 2p 4 3 P − 2s 2 2p 3 3d 3 D in O I. As a result the excited term 3d 3 D in part is photo-pumped by H I 1s − 3p photons causing transitions between it and lower energy levels to become unusually bright. Because of the very large widths of all the Lyman series lines coincidences between many of them and between O I lines from higher "n" values occur. As a result, H I lines photo-pump many O I levels which in turn cause many of the O I lines to become very prominent.
Several allowed transitions between the ground configuration and the first excited configuration in O II and O III are prominent in this SUMER spectrum. Two O IV lines belonging to transitions between 2s 2 2p 2 P−2s2p 2 2 D appear at 787 and 790Å. Additional O IV lines belonging to 2s2p 2 2 D−2p 3 2 D appear at 779Å. The relative intensities between the two sets of lines can be used as electron temperature indicators for the O IV formation region.
The 2s2p 3 P − 2p 2 3 P transitions of O V appear near 760Å. The intensities of lines originating from the 2p 2 3 P 1 level are sensitive to quiet Sun type densities when compared to the intensity from lines originating from the 2p 2 3 P 0 or from the 2p 2 3 P 2 levels. The O VI resonance lines at 1031.924 and 1037.614Å are among the brightest emitted by upper transition region plasmas.
Neon
Lines emitted by neutral neon, Ne I, and by several neon ions are present in this limb spectrum. The two Ne I resonance lines at 735.896 and 743.720Å, which belong to transitions between the first excited configuration 2s 2 2p 5 3s and the ground configuration 2s 2 2p 6 are present in the spectrum though they are quite faint. No Ne II, Ne III or Ne IV lines are visible in the 660 − 1150Å range SUMER disk spectrum. The 2s 2 2p 2 3 P 1 −2s2p 3 5 S 2 Ne V transition at 1136.51Å and the 2s 2 2p 2 3 P 2 − 2s2p 3 5 S 2 transition at 1145.61Å which is expected to be about three times brighter can be identified.
The Ne VI lines belonging to the 2s 2 2p 2 P − 2s2p 2 4 P transitions near 1000Å appear with medium brightness. Several of the Ne VI transitions are blended with nearby lines. Lines belonging to the same transitions in N III and O IV are used as electron density indicators in quiet and active region plasmas. The Ne VI lines are sensitive to fairly high electron densities (larger than 5 10 11 cm −3 ) they will be good electron density indicators in unusually dense active region plasmas or in flares. The two 2s − 2p Ne VIII resonance lines in the SUMER spectral range represent the upper transition region type plasmas.
Magnesium
Lines from magnesium ions, at best, are poorly represented in this SUMER 660 − 1175Å limb spectrum. Only the 3s − 6p 946.70Å Mg II line may be present in the spectrum but cannot be identified without ambiguity.
Silicon
Many lines from Si III and Si IV are found in this spectrum. The Si III lines near 995 and 1108Å belong to transitions between the first excited configuration 3s3p and the excited configurations 3s3d and 3s4s. Assuming that the opacity of Si III 1206.510Å (3s 2 1 S 0 3s3p 1 P 1 ) resonance line, also in the SUMER range, can be determined, the relative intensities between these lines and the resonance line, could be used as density indicators. A number of Si IV lines near 1122 and 816Å belonging to transitions between the first excited configuration 3p and the excited configurations 3d and 4s, and the 1066Å line between the second excited configuration 3d and the 4f configuration are also present in the 660 − 1150Å range. As in the Si III case the relative intensities between these transitions and the Si IV resonance lines 3s − 3p near 1400Å which is also in the SUMER range can be used for electron temperature determination. 
Argon
The abundance of argon in the solar atmosphere is more than 30 times lower than the abundance of neon. As a result lines emitted by argon ions are expected to be about an order of magnitude less intense when compared to lines of similar transitions emitted by neon ions. The Ar II 3s 2 3p 5 2 P−3s3p 6 2 S transitions at 919.781 and 932.053Å are expected to be present in this limb spectrum, however the 919.781 is blended with the red wing of the 919.351Å H I line and with the 919.658Å O I line. The 932.653Å line similarly is blended with H I Ly 6.
The 3s 2 3p 2 3 P−3s3p 3 3 P transitions near 720Å range are the only Ar V lines visible in this spectrum. Because of the low argon abundance the lines are fairly faint. Two Ar VI lines at 767.06 and 1000.16Å, belonging to transitions between 3s 2 3p − 3s3p 2 levels may be associated with lines in our spectrum. The 3s − 3p Ar VIII lines at 700.245 and 713.812Å, although fairly faint, probably are also present. The 700.245Å line is blended with a nearby S III line. The Ar VIII lines are emitted from plasmas with temperatures of approximately of 4 10 5 K placing them among the hottest transition region lines in the list.
No transitions between the first and second excited configuration in argon ions are found in our spectrum. Thus, argon lines do not appear to be useful for temperature determinations or density diagnostics. However since argon is a high FIP (first ionisation potential) element, lines from argon ions can be used in conjunction with ions from low FIP elements to determine variations of elemental abundances in the upper solar atmosphere.
Iron A large number of Fe III lines have been identified at wavelengths longer than 860Å. The Fe III lines belong to transitions between levels of the first excited configuration 3s 2 3p 6 3d 5 4p and levels belonging to the 3s 2 3p 6 3d 6 ground configuration. It is expected that many additional Fe III lines at wavelengths short of 860Å should be present in the spectrum, but are not detected, because of the brightness of the Lyman continuum. No Fe II lines, which are quite plentiful in the longer wavelengths of the disk spectrum are undoubtedly identified in the wavelength range shorter than 1150Å.
Spectroscopic diagnostics with SUMER
Numerous diagnostics for various plasma parameters are available in the spectra observed by SUMER. In this section we give examples of electron density and temperature diagnostics, and a line intensity ratio that is suggestive of non-equilibrium effects.
Turning first to electron density measurements, we consider the intensity ratio
in the Beryllium-like sequence. In N IV these lines fall at 924.283Å and 921.992Å, and in O V at 759.441Å and 761.128Å respectively. For Gaussian line pairs with identical FWHM, peak intensity ratios can be taken. Taking level populations from Keenan et al. (1984) these ratios are plotted as a function of density in Figs. 6 and 7. Curves are given for the temperature at which these ions have their maximum fractional abundance as given by Arnaud & Rothenflug (1985) , and for temperatures a factor of two above and below these. As can easily be seen, the O V ratio allows a density of about 8 10 9 cm −3 to be inferred, while the N IV ratio suggests 1.4 10 10 cm −3 . Hence both ratios are consistent with a pressure of ∼ 2 10 15 cm −3 K. Electron density diagnostics at higher temperature are available in the spectrum of Ne VI, in the 2s 2 2p 2 P − 2s2p 2 4 P multiplet with lines around 1000Å (see Keenan et al. 1994 for a detailed description).
Temperature diagnostics are available in the ratio
in the Boron-like sequence. Taking electron impact excitation rates from Stafford et al. (1994) for N III and Zhang et al. (1994) for O IV, A-coefficients from Nussbaumer & Storey (1979) for N III and Nussbaumer & Storey (1982) for O IV, supplemented by values from Dankwort Trefftz (1978) for some of the higher lying levels, these ratios are plotted as a function of temperature for electron densities of 10 9 , 10 10 , and 10 11 cm −3 in Figs. 8 and 9. , 10 10 , and 10 11 cm −3 , indicated by the three solid lines. The observed ratio, 0.033, is shown by the dotted line, and indicates temperatures of about 90 000 K, depending slightly on the assumed density. For comparison, the temperature at which the abundance of the N 2+ ion is maximized is 80 000 K (Arnaud & Rothenflug 1985) Proton rates between the fine structure levels of the ground configuration and among the fine structure levels of the 2s2p 2 4 P term are also included, calculated in a manner similar to that described for dipole transitions in Laming et al. (1996) . Agreement between these rates and the more sophisticated calculations for the ground configurations only of Heil et al. (1982) and Foster et al. (1996) is very good. The temperature inferred from the N III ratio, 8.6 10 4 K, (for a density of 10 10 cm −3 ) is just slightly above the temperature of 8 10 4 K where the ion fraction for N 2+ should be maximal, according to Arnaud & Rothenflug (1985) . For O IV, the temperature at the same density is 2.2 10 5 K, rather higher compared to the prediction of 1.6 10 5 K, also from Arnaud & Rothenflug (1985) . 9 , 10 10 , and 10 11 cm −3 , indicated by the three solid lines. The observed ratio, 0.033, is shown by the dotted line, and indicates temperatures of about 200 000 K, depending slightly on the assumed density. For comparison, the temperature at which the abundance of the O 3+ ion is maximized is 160 000 K (Arnaud & Rothenflug 1985) A further temperature diagnostic is possible with the ratio
in N IV with lines falling at 955.33 and 765.15Å respectively. Using data from Keenan et al. (1984) the intensity ratio as a function of temperature for densities of 10 9 , 10 10 , and 10 11 cm −3 is plotted in Fig. 10 . As in the case with Ne VI, the lines are identified, but difficulties exist with measuring the 955.33Å line, partially blended as it is with two lines from Fe III.
Temperatures deduced from line intensity ratios higher than those predicted for the particular ion in collisional ionization equilibrium may indicate departures from this equilibrium. This would mean that the plasma, instead of being in a steady state as assumed in the atomic physics statistical equilibrium calculations, is instead transiently ionizing and recombining. One ion that is very sensitive to such changes in temperature is He + , due to the very high (> 50 eV) excitation thresholds for its emission lines compared to its usual temperature of formation (Laming & Feldman 1992 ). In Fig. 11 we plot the intensity ratio of the N III 989.79 line to the He II 992.34 (2s − 7p) line, calculated under a few simple assumptions, to be discussed in more detail below. The two solid curves give the intensity ratio in the limits that the He II 1s − 7p line is completely optically thick, in which case more radiation comes out in the Balmer series, or completely optically thin. An abundance ratio A(He)/A(N) of 870 has been assumed (Grevesse & Anders 1989) . The curve illustrates the basic result that only for temperatures considerably in excess of 10 5 K does the intensity ratio predicted by the calculation start to come anywhere near the observed value.
At this stage we should outline the simplifications that have gone into the calculation. Firstly, the fractional ion abundance for each ion has been assumed to be 1. Arnaud & Rothenflug (1985) would predict lower values, but this calculation is not really relevant when considering departures from ionization equilibrium. Hence the ratio has been formed by calculating the emission rate in each ion for the range of temperatures, and by multiplying by the appropriate branching ratio. We have also assumed that only excitations from the ground state of He + are important. Proton collisions effectively transfer population in the metastable 2s level to the 2p (Zygelman & Dalgarno 1987) , and for the optical depths likely in the He II 1s − 2p transition, insufficient population will be present in the 2p levels to affect the populations of higher lying levels (Laming & Feldman 1992) . We have neglected proton collisions among the various levels corresponding to n = 7, and have calculated the branching ratio for the Balmer transition in the cases of the optically thick and thin Lyman transition from formulae for + is optically thin or thick. The emission rates for each line are weighted by an abundance ratio He/N of 870, but not by the ionization fractions. The observed ratio, 3.76, is shown by the dotted line, and indicates temperatures substantially greater than 100 000 K. For comparison, the temperatures at which the abundance of the He + and N 2+ ions are maximized are 50 000 K and 80 000 K (Arnaud & Rothenflug 1985) the dipole A-coefficients given in Bethe & Salpeter (1957) . It is difficult to obtain accurate electron impact excitation rates for such highly excited levels as n = 7. We have taken an approximate collision strength by scaling the collision strengths for 1s − 2p and 1s − 3p excitation of Aggarwal et al. (1992) by the ratios of the absorption oscillator strengths divided by the excitation threshold to get a value of 0.006. While such a procedure is accurate for asymptotically high energies, at lower energies (but still above the ionization threshold) it has been shown (Bray et al. 1993 ) that continuum wavefunctions must be included in close coupling expansions to get the excitation collision strengths correct. Such calculations are available for excitations between the n = 1, 2, 3 levels (Aggarwal et al. 1992) where the effect of the continuum in reducing the excitation collision strengths may easily be seen. Thus it appears that our estimate of the 1s − 7p collision strength may well be an overestimate. For these reasons we have not performed a complete statistical equilibrium calculation for the He II ion, but just given an estimate of the emission rate. We emphasise that the processes we have neglected (excluding cascades) will all act to reduce our predicted He II intensity, making the problem of anomalously high He II line intensities worse.
The fact that in the absence of diffusion effects (see e.g., Fontenla et al. 1993; Hansteen et al. 1994 ) which we consider to be unlikely, the He II emission can only be understood quantitatively by increasing the temperature at which its emission is assumed to occur implies that the plasma must be transiently ionizing, and that the electron temperature increases on a timescale fast compared to the ionization time, making the plasma underionized. Such a notion is a radical departure from traditional models of the solar transition region (e.g., Vernazza et al. 1981) , but is becoming increasingly favoured in the light of recent data.
Conclusion
The solar spectrum in the SUMER wavelength range is rich in emission lines. The analysis of this near-limb quietSun spectrum revealed spectral details in the range from 660Å to 1175Å and resulted in a line list, including very faint lines. Only few lines remained unidentified. Other spectra from different regions of the Sun have to be analysed to find out commonality and variability of spectral features of the Sun. Table 1 . Line List -This list of spectral lines in the 660 − 1175Å wavelength range including some 2nd order lines below 590Å was compiled from a spectrum which was recorded with detector B on the solar disk near the north limb. It was generated from a number of sections recorded on the KBr photocathode each about 20Å wide, and complemented by bare photocathode lines at the lower wavelength limit
